I., Summary.
The increase in importance of software in command and control and other complex systems has not been accompanied by commensurate progress in the development of analytical techniques for the measurement of software quality and the prediction of software reliability. In recognition of the disparity, the Computer Sciences Department of the Naval Electronics Laboratory Center, San Dlego, California is sponsoring this software quality control and reliability research project.
The objectives of the research are to develop procedures for controlling software quality and to develop & methodology for predicting software reliability. The data which were employed were Navel Tactical Data System (NTDS) Trouble
Reports and supporting documentation.
In order to accomplish these objectives, it was necessary to perform many statistical analyses of NTDS test data. The major analyses are listed below.
" analysis of the number of software troubles per unit timei as a function of cumulative test time;
" analysis of the distribution of time between troubles 3 and the distribution of number of troubles per unit time;
goodness of fit tests for identifying theoretical reliability functions which might be appropriate for reliability prediction; estimation of reliability fun-tlon parameters;
INumber of troubles per unit time is the number of troubles occurring in a program test computer time interval divided by the time interval. 2 Cumulative test time is the total computer time used to date in testing a single program. 3 Time between troubles Is the cumulative computer time between two consecutive troubles.
The two consecutive trou-I-es may occur in the same or different test runs. 
B. Distribution of Time Between Troubles and the

Reliabilit unct ion
Integration with respect to time, of the probability density function of time between troubles yields the unreliability function from which the reliability function can be obtained.
The reliability function Is used to predict the reliability of a program for various operating times. In order to estimate the reliability function, it is first necessary to obtain the empirical distribution of time between troubles from a sample of trouble report data. Then, parameter estimates are obtained from the sample data, and a goodness of fit test is made in an attempt to identify an appropriate theoretical reliability function. In addition to its use as a reliability predictor, the reliability function can be employed to eetimate additional testing requirements 1 Based on analysts which have been performed subsequent to the period covered by this report.
ii whenever predicted reliability is less than specified reliability.
Goodness of fit tests were conducted for Program 1, Another random variable which may be used to provide a limited form of reliability prediction Is program run time.
The complement of the distribution function of program run time is the conditional probability of a program operating successfully for t hours, given that trouble will occur during the run. This interpretation is used because program run time is the time to failure for programs which fall.
Although this probability is not equivalent to reliability, it Is a useful measure of reliability because the probability of surviving during the required operating time, for programs which fall, can be estimated. 
IV. Reliability Prediction
One approach to software reliability prediction is to identify a theoretical reliability function which represents 9 good fit to the empirical data. This approach would be accomplished by using the following sequence: The reliability function performs two functions:
(1) it is the means of reliability prediction and (2) The curves in Figure 6 can be used to estimate the MTBT and reliability that are required, for a given number of troubles, in order to satisfy reliability requirements. This set of curves is applicable only to exponential reliability functions.
V. Results and Conclusions.
Major results and conclusions of the the first phase of the research are given below.
1.
A methodology for software reliability prediction and quality control has been presented which could be implemented in an NTDS software production environment. The value of the methodology is that it provides a framework for software reliability analysis. The specifics of the approach will probably be supplanted by an improved model which is now under development.
2. Methods have been described for estimating the reliability and test performance requirements which are necessary in order to satisfy program reliability objectives.
3.
Major factors which affect software reliability prediction accuracy are the heterogeneity of reliability characteristics among programs and the non-stationary nature of the error occurrence process.
4.
NTDS programs appear to be heterogeneous with respect to reliability chai-acteristics. 
Lower confidence limit of time between troubles = 1/.44 = 2.27 hours Lipow, Myron and Lloyd, David K., "Reliability: Management,Methods, and Mathematics," Prentice Hall, 1962, pp. 194-195 .
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where z is normal deviate. 9n (3) For R = .85 and t -7.5 hours, .85 = exp (-7.5 ) log .85 = -7.5/T -. 1625 --7.5/TX, TZ = 46.1 I.jurs.
